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I, Introduction 

II, Structural Vibrations in SCOLE Excited by 

Time-Minimized Rapid Slewing 

-- Rang -Pause-Bang (RPR'' Control (ROD it) 

-- Bang-Rang (BB) Control (0. 80, 25 lbs) 

How bad? Always that bad? 

No Force means Least Excitation? 

III, Active Damping of BPB-Excitep Vibrations 

using High-Perforamance Modal Dashpots 

Direct Velocity Output Feedback really cannot 

CONTROL EXCESSIVE VIBRATIONS EFFECTIVELY, QUICKLY? 

IV, Comments 

V, Conclusions 

VI, Recommendations 
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I SCOLE Primary control task is: 

Rapidly Slew or change the Line-of-Sight (LOS), and 
Settle or Damp Structural Vibrations to a required degree 

• The Objective is: 

Minimize the time required to Slew and Settle, 

UNTIL LOS REMAINS WITHIN A SPECIFIED ANGLE. 

I 2-Stage approach: 

First: Slew the whole structure like a rigid body, 

-- IN A minimum time, 

-- under the limited control moments and forces 
Then: Damp the excited structural vibrations 


I Some previous results on Stage-1 design 



I Objective of Current Study 

Stage-2 design: Active Control of Excited Vibrations 
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Structural Vibrations Excited by 
Bang-Bang-Type Rapid Slew Maneuvers 



Mote 1. Time of application is 1,754 sec/ only 3E> . 32% of the slew time. 
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Fig. 3-3 Vibratory responses to Rapid Time-minimized Bang-Bang Slew: 80 lb; 
a. Line-of-sight error and Mast tip deflection. 
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Fig. 3-4 Vibratory responses to Rapid Time-minimized Bang-Bang Slew: 25 lb; 

b. Attitude deviations at the Shuttle (S) and the Reflector (R) ends. 


I Using no forces on Reflector DOES NOT mean least excitation 


9 If LOS error is the only concern. Stop using BOOlb force; 
Use 25lb (Vernier thruster level) instead. 

-- But time is equally important!!! 

• Additional time of various length is still required 

FOR DAMPING OUT THE EXCITED VIBRATIONS. 


I VIBRATION CONTROL CHALLENGE: 

Can excessive vibrations, 

such as excited by the 800lb RAPID SLEWING, 

BE EFFECTIVELY SUPPRESSED TO A REASONABLE LEVEL 
QUICKLY, SAY, IN 5 SEC? 
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M0DAL-DASHP01 DESIGN MD1 


Par r 1: Linear Velocity Feedback 
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FaPPL I £D FORCE ON REFLECTOR IN X-DIRECTION 


Uo! i APPLIED FORCE ON REFLECTOR IN Y-DIRECTION 

O I 

. J 


L 


r Y "I r - n 1 

I I - | I 

j Y^0| Irate of YZ-deflection at Reflector endI 

L J L J 


LVR 


, 5S420630E+01 . 43392044E+00 

, 42058249E+00 . 69796353E+01 


1 


J 


Additional damping ratio designed - 0.6737/ Mode 2 

=0.6, Mode 1 

2% SETTLING TIME OF 3 SEC IS DESIGNED FOR MODE 2 
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MODAL-DASHPOT DESIGN MD1 

Part 2: Angular Velocity Feedback 
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APPLIED MOMENT ON REFLECTOR ABOUT X~AXIS 
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APPLIED MOMENT ON REFLECTOR ABOUT Y~AXIS 
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APPLIED MOMENT ON REFLECTOR ABOUT Z“AXIS 
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rate of Reflector Roll attitude deviation 
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rate of Reflector Pitch attitude deviation 
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rate of Reflector Yaw attitude deviation 
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Additional damping ratio designed = 0,03, Modes 3,4/5 
Inherent damping ratio assumed = 0.003 all modes 
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Simulation results of vibration control design MD1; 
Histories of line-of-sight error and Mast tip deflection. 










NORMAL COORDINATE xlO 1 
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Summary 


LOS error < 18.46° t = 2.5 sec 

< 17.46° t > 2.5 sec 

= 11.79° t = 3.1 sec 


Deflection < + 5 ft t - 2 sec 

< + 0.5 FT T = 4.2 SEC 

2% SETTLING TIME <, 2.9 SEC 


Last peak Reflector attitude deviation 

Roll = 0.460° 

Pitch = 0.546° 

Yaw - 1.360° 
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Summary -- MD1A 


Additional damping ratio re-designed = 0.6, Mode 2 
CORRESPONDING 2% SETTLING TIME FOR MODE 2 IS 3,38 SEC 

I" . 58420557E+01 .45784262E+00 

Glvr ” I . 42061494E+00 . 62209375E+01 

L -1 

LOS ERROR <. 16.66° ( if ) T > 1.8 SEC 

- 9.57° (+ ) t = 3.1 sec 

Deflection <, + 7.35 ft (4) t = 1.3 sec 

<+ 0,75 ft (4 ) t = 3.7 SEC 

2 7o SETTLING TIME = 3 SEC 


Last peak Reflector attitude deviation: 

Roll =0.714° (f) 

Pitch = 0.582° 

Yaw = 1.399° 
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COMMENTS 


I The Modal Dashpot design met the vibration control challenge 

FAIRLY WELL: EFFEC TIVE/ FAST SUPPRESSION OF EXCESSIVE VIBRATIONS 

I For COMPLETE SUPPRESSION AND PRECISION POINTING 
AFTER THE QUICK SUPPRESSION/ 

Either: increase the Modal Dashpot feedback gains 

Or: Switch to integrated design of LQG/LTR and Modal Dashpots 

I Direct Velocity Output Feedback Controllers 

NEED NOT BE OF "low AUTHORITY"/ LOW PERFORMANCE. 

ADDITIONAL DAMPING RATIO CAN BE DESIGNED TO BE AS HIGH 
AS TO THE OPTIMAL VALUE 0 . 707 / IF NEACESSARY; 

INSTEAD OF RESTRICTING TO ONLY ABOUT 0.1 

I NO MORE HIGH-GAIN PROBLEMS OF ORIGINAL CANAVIN DEDIGN 

I Spillover is minimal: performance degradation un-noticeable 
Spillover is beneficial: concomitant active damping of unmodeled 

MODES 

I Systematic design method for modal dashpots works! 


2 \ 4 - 



CONCLUSIONS 

I 2-Stage Approach is feasible and promising for 

RAPID SLEWING AND PRECISION POINTING OF SCOLE 
I Not all bang-bang type of time-minimized slew maneuvers 

WILL EXCITE LARGE STRUCTURAL VIBRATIONS IN SCOLE 

I Modal dashpots can be a concentrated high-power vibration control/ 

AS WELL AS THE USUAL 

DIFFUSE ("BROAD-BAND")/ LOW“POWER ("lOW~AUTHORITY") CONTROL 


RECOMMENDATIONS 

I Limit the magnitude of applied forces on Reflector to 
EITHER 25 LB 

-- LEVEL OF VERNIER THRUSTERS ON THE REAL SPACE SHUTTLE 

OR 150 LB 

-- LEVEL EQUIVALENT TO THE COLD"GAS JETS OF LABORATORY SCOLE 

# To complete Stage 2 , add an integrated design of 
L06/LTR (Li near -Quadratic-Gauss i an/Loop-Transfer-Recovery) 

and Modal Dashpots 

• Validate the 2-Stage approach using the SCOLE laboratory facility 

WITH A COMPREHENSIVE SEQUENCE OF INTEGRATED DESIGNS AND EXPERIMENTS 


COUPLING NONLINEAR R I G I D“BODY MOTIONS WITH FLEX I BLE“BODY DYNAMICS 
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